A bag of useful techniques for efficient and robust parsing by Kiefer, Bernd & Krieger, Hans-Ulrich
Deutsches
Forschungszentrum
fu¨r Ku¨nstliche
Intelligenz GmbH
Research
Report
RR-98-04
A Bag of Useful Techniques
for Efficient and Robust Parsing
Bernd Kiefer, Hans-Ulrich Krieger
December 1998
Deutsches Forschungszentrum fu¨r Ku¨nstliche Intelligenz
GmbH
Postfach 20 80
67608 Kaiserslautern, FRG
Tel.: + 49 (631) 205-3211
Fax: + 49 (631) 205-3210
E-Mail: info@dfki.uni-kl.de
Stuhlsatzenhausweg 3
66123 Saarbru¨cken, FRG
Tel.: + 49 (681) 302-5252
Fax: + 49 (681) 302-5341
E-Mail: info@dfki.de
WWW: http://www.dfki.de
Deutsches Forschungszentrum fu¨r Ku¨nstliche Intelligenz
DFKI GmbH
German Research Center for Artificial Intelligence
Founded in 1988, DFKI today is one of the largest nonprofit contract research institutes in
the field of innovative software technology based on Artificial Intelligence (AI) methods. DFKI
is focusing on the complete cycle of innovation — from world-class basic research and tech-
nology development through leading-edge demonstrators and prototypes to product functions
and commercialization.
Based in Kaiserslautern and Saarbru¨cken, the German Research Center for Artificial Intelli-
gence ranks among the important “Centers of Excellence” worldwide.
An important element of DFKI’s mission is to move innovations as quickly as possible from the
lab into the marketplace. Only by maintaining research projects at the forefront of science can
DFKI have the strength to meet its technology transfer goals.
DFKI has about 115 full-time employees, including 95 research scientists with advanced de-
grees. There are also around 120 part-time research assistants.
Revenues for DFKI were about 24 million DM in 1997, half from government contract work and
half from commercial clients. The annual increase in contracts from commercial clients was
greater than 37% during the last three years.
At DFKI, all work is organized in the form of clearly focused research or development projects
with planned deliverables, various milestones, and a duration from several months up to three
years.
DFKI benefits from interaction with the faculty of the Universities of Saarbru¨cken and Kaisers-
lautern and in turn provides opportunities for research and Ph.D. thesis supervision to students
from these universities, which have an outstanding reputation in Computer Science.
The key directors of DFKI are Prof. Wolfgang Wahlster (CEO) and Dr. Walter Olthoff (CFO).
DFKI’s six research departments are directed by internationally recognized research scien-
tists:
Information Management and Document Analysis (Director: Prof. A. Dengel)
Intelligent Visualization and Simulation Systems (Director: Prof. H. Hagen)
Deduction and Multiagent Systems (Director: Prof. J. Siekmann)
Programming Systems (Director: Prof. G. Smolka)
Language Technology (Director: Prof. H. Uszkoreit)
Intelligent User Interfaces (Director: Prof. W. Wahlster)
In this series, DFKI publishes research reports, technical memos, documents (eg. workshop
proceedings), and final project reports. The aim is to make new results, ideas, and software
available as quickly as possible.
Prof. Wolfgang Wahlster
Director
A Bag of Useful Techniques
for Efficient and Robust Parsing
Bernd Kiefer, Hans-Ulrich Krieger
DFKI-RR-98-04
This work has been supported by a grant from The Federal Ministry of Educa-
tion, Science, Research, and Technology (FKZ ITW-01 IV 701 V0).
  Deutsches Forschungszentrum fu¨r Ku¨nstliche Intelligenz 1998
This work may not be copied or reproduced in whole or part for any commercial purpose. Permission to
copy in whole or part without payment of fee is granted for nonprofit educational and research purposes
provided that all such whole or partial copies include the following: a notice that such copying is by per-
mission of the Deutsche Forschungszentrum fu¨r Ku¨nstliche Intelligenz, Kaiserslautern, Federal Republic
of Germany; an acknowledgement of the authors and individual contributors to the work; all applicable
portions of this copyright notice. Copying, reproducing, or republishing for any other purpose shall require
a licence with payment of fee to Deutsches Forschungszentrum fu¨r Ku¨nstliche Intelligenz.
ISSN 0946-008X
    	
 	
	
 Æ	  
 
   	 
	 
	 	   	  
 	!	 " #$ %%&'# 		() *$ 	+
   	 
	
 
 	 
 	  
 	
        

 		  	   Æ  
 	     
  
 
   
  	   	  
	
	  
  
 	  		       
 	   	  
  	

   	
     
 
   

	   
  Æ
 	     
	 	     
   	  


            
 
  
   	     
 	   		 	     

  
    Æ

    	
 
	 
   	 
 ! "     
  	 
 
    	#    	 	
    $
%  
  

     &  	

 
 '(# 
  	 	   	    )	
	
  
 
*     	  	
  	  	      +,-  	
  )./0   '112* 
   
	 	
 )3 	 ,
4 '115* 	  	
	 		 

  )3 	 ,
 '116* & 
     
 
 	       	  

 
    
#       	  
0	  )
* 	  	
   
 
 
   	 
    	    
	   	 	        		  	
  !	  "
'
)#  *  
 578#  	
     
 
		  
0     
  	 $%

 & #     
     	
   9#   
   	 
Æ

  	 	
    0      
	: 
#     
   	    :

  	   
 
  ;# -# 	 < 

 '((7'=(  

 	

  
	
>
    	       		
	 		  		   	  
   # 

   	   		  
     
 
       
 	   
 	     #   	 

  
    	 ?  		#    

  		# 
    		  
  
 

  )  
 @    
* 9 
 #  
 	  

    
	 >,+ # 
   

 	
	  	  	    
   /   

& 	    )  '*#    	  


	   # 	
 :   
    
A
   
	   
	 # 	   

 
   ) 
  '(  B(  -*# 
   C

	   
     )   

 	*
- ; <
   2B61 =@52 '8@5
 
 )AD* 22' 2(5 '('

   )3D* '(= '(8 52
   6 BB B'
	    )
* B58 B15 @5
9 'E ,
 	  
 
  	
 
	

    	  
 	C
    


  	  0   
  	  
   +,-  	  	   	

   		 ) 	* 	C
  	  0 

B


 )F4 	 ; '11(*         	
C
     
 	
      Æ
 

# 
    	  	  	C
   )FG9*
.#  
 	        ;# -
# 	 <  +,-    	:    
  ;    
	    	C

#   /  
    
>        0   
E )*   FG9
    
  )* 	  	   
H
)*       
      	
 FG9	  
 		   IJ    # 

  #    	C
 # 
H )*  
 	C
  
       
  
 
  	  H )*  
   )		*
	C
 
   	  
	   
C


H )*  / 
    	  
C

 
 
 
 
  4K 
"        
  FG9#   
 	C
 
 
      
    
   FG9	  	 
     ;

     - 	 < E   '27=  

 #      
	 
C
 # 
	   	  B75

 	

  
	

&  
	  
 #      
 

   
E  5(L    
 	 
  
 	   
     	 )->D* & 
 	  
    	   Æ
 

 #  ? 
   ->D   
 
      	 		        
   ;   6(((  
   =6#(((#(((
 ->D "   # #   (5L7BL 
 
  

 	   ->D 	   	 
 ->D    	    )	    	 * 
Æ
  	 

  ->D#    0 
   B
&

   ->D 0 (((8 
# 
	  '5 
  IJ
 
 
 M  &4K3
   '181 
  	
   
 

 	  

   ->D#     
 
    
 ) 		 
  	*   

  #$ %&   '() '	 	* *	  + ,$& -.
	* 	 / 	  ,$ 

 	  	 	 .
	$ 0 /	  /  	 $  	  
1231  
0* 		 

	  $.*	  !(4   $  5      6
 7		 
8
=
   
#   	

 
  
   
 
    0    0  

& 4K    ? 
 )   	
     *
 0    ,
  
   
 
))  * N )  *H      *#  
     
 
)  * & 
	   	    
E   ->D    	
  #  	    
  ->D       	 #

     ) Æ
     

  
 	   *       

      
 # 
         ;   #
 ->D 
   

  0 2B O+. # 	  

 IJ    
 .  ? ->D ) 
 	 	
	 *#  	   	  '5# 
	
   
 
 D   	 #   

  # 
  ->D       	  

    )   	 
    B2 	 '(
  
 
*
 	

 ! "
#
     	 	
	   	   
   	 
 
   
 IJ )# 	   
 

*        	
    
  
  	    # 	     Æ
 	  

"  
    
  0   	  
 	      
   
	  
 
	         
  
C
    B( 	 'B(  	  

 ,
   
       # 
 
  /	    	  #  

 
 
/	     
	 ?      	 

   5(L  6(L    
 	 #  
25L    
$ %

 
	
  &
	' 	'#
" 
	  /  
   
     
#

      

,
  
  	#
 
 
 

       
 O
0 
     	        

 

, /	        $ " 		   (74 
,  ' 9  	*  
2
  	 0   9#    ? #   		

      	   	  	
  
    #  	 
	    
 	 
 .  		 #  
  	  

       
 ;
     	 
 
  
 
  )#   
    	 

* 	   
   
	#   
  
   	   
   
   
	
     	 9   #   	  
 
   
      
 	  
		  )#      
   



 *      
 #      
 

	          )#  	*# 

        
    
	
              
# 

	   
	 # 	     
   
 	    #      
  

0	
 
    "    

	   

# 
  
	
O#  
	     	   	#   
	:     	 
 	  :  
 

 	 
  ,
  
  
 
 
	
	  
 2#     &  #   '= 
BB   
0

0   

    
 
)
 
 5*#       12L   11L# 
 
  
 
  		        
   
   	
	   @5L &

	  F
9
0 )
*#      >3D  
   
0

0
	 #    8(L#  2(  
( !	
 " )	 )
* 
 !#
	+
#
  I
J    
	  
 
     

     
      	    

   	    	  		 

&         +,-#    	
0
   
   	    
   	
	 
  

,
  +,-       
	   	
	
    
#  
 	  
  /
    
  
  
 
 F  

      +,- )+	 	 , '18@#  '25:*#  
 
  	   	      	:  


  
 	 
 :
  
5
   		   
 
   #  
    , '185   P 	  

 
  	 &       	
  
   
       ) 	 *#
     
     		 D 0	 

 
  	   
 		       
#    
 

 
        	 
 	 	 
     	   	
  /    	 

 #    
 	  
& 	 	  
 B#    
	 
   	 

    
   
 
   	 
  
     =(L  -  25L  ;
, 


  -. / 

  #
,
    
      	
 
   
   )   
 	    
*# 
	   	 	    
 
  	    
     
   	  	   
E  	  
   	# 
  )

 

#   
  *   
    
 
 
      	    )	 
 * G
 
  	    
  
 ) 
#   
*
  
  
    
0

0 	
 -#  
#         
   
#          ) 
	  ; #  
 
#     #    #

*   	 0     
 #    

  
 
	      
  
 ,
  
  
    #  

  	 
   
 
   		   

>           	   

     )    *#    1@ 

#   
	   
   )
*#   )   *# 
  #     
	  	# 
     .   	#  8
 1@ 
      
   
    
 )   *   8Q@    )8   
  	 	 @     	  * 	 = 
	  '     D    !   " # )#
     "*#     	   

 # 
     
      
	   	   
  B2H 
   
 
  '@L     )# 	 

 'B*
6
0 
 1# 
 %##
G   
 #   	 	
# 
#  
    	    
     O
 #  
 
    
  
	   
         

    	
 D     ! "  )* 
	  
 
 
  
     )#    

 	* G   	   	 
		 
   	
	   	  
		 " 
     
E 
  
  	C
 IJ   
  
    	         	   	
	 
	  
     		  

,
    


 	 
 	#   
  F&-
  )O   '11(* 
   R) Q*  
		    
   	   
	  

E )*  
    	 	 
 )#  
  

  	*H )*      	 )#   
 *H )*  	 
    	  	

  
   
 	 

 
 )# 
  	 	   
  	 	  
	*
  
    E   
    
  	   
#    
 	 
 
        	
>          
  	 )N *
 0 0 )   
 	   - *E
   )  '*  
  )# G+# ++*E  '
 
 E  B
 E  
  
 	       	    
 B 	    
  
 	 )  
* 	     
     
 >
)*# # 
  	     


 2 	#
  " 3'
  

  	 	
	     	    	

   
 
    	 
	  
 	     
  '(   B5# 		  


           
 
	
	      
  	#  

	# 	  

  
 
	 ->D   	#
 	       	  	
@


  

 



3
3 3 3



9 BE O    G    $ 	 %$ 

#   &# #  &    	
         	   
 J

 9  -    '5= 
    

  @=#        2B( 
 
	  

 

" #   68 #   
	  (@= 

)
	 
 

 	 
 * 	  
 
 
	  B@ 

       
  
 	 
  	
    
 	   

  

        	: 
  # # 
   S 
 
 

  /	   
# 	   ; 	 < 
& 		    
0

0 	 	  
  
 
    	     ,
   

  		      
#    

 	 
 	
    )

* 
   	  	
  #  
# 
       +,-
 )# G	 '11@*
%	'4#
  
 	
	      	    

    +,-   O,>  ,	 .   

     	 
 
 :   DAD9 C

    
  	 
	      	
      Æ

    
  0 
    ;
#    0 S A  	  

  	     
  	 
    	
	  
 6      	 		
 < O   >3D  ,
 0  	  , A4
 	
  
  -    0   F 9
0
 		     ;  A0< G	J

  	    9#    0 G
 G
 

,  	    11%+: ';< ;		 3  '	 38 ,
   		  =	: >	  (
8
	        
  	   -
9	 A  ;	
# ,

# S
 	  
 	 
 (' T @(' T(
!/	#
  ! " #	 $ %  
 " &	 '()( *Æ  +
 %  ,	   	
     

''-'./''01'23
4	  ! 4 * %	 
 " % " '((5 
	
 
  

4	
 6/ 6+ $	
7		 8 
  * '((5 9	 %   7:  ;  + 	
  
 
 

 	  

 
	  !"# 
< = '551'50
	 # 
 , > 	 '((3 ? 	 !@ $		  ?	  $		 4 
     		 ?	 "	  4	 	 	  +  -79+. 
>		 A ?	
		 !; '((0 $   %	
   

& !
' (
 

   	
' $7  ;	 

>	
 7	  4	 >   >	
		 !; 
 ; > 	 '((0 *Æ  $		B  *C 	

 9	 9	 + 	  
 )
 

 *
 
	   
+	 
	 * ", '2D)1'2=2    79+ "	 
"	 ""(0')
&
	 6 8 '((E "	 	C  49%/  ?	  < +
	  
 ,
 

 -.   	 -/"0 
'0(1'E5
$	
 4 
 +  > '()E 
& 
1  
	' 2' 3
(
 4>%+ % 	 & &	 '= >	
/ 4	 	  >
 
% 
 +	
>	 > 6 '()0 ; "	   *C
 $	 	 	 4C
9	#
 9	 + 	  
 4   
  
  	

  

 
	  5, '201'0D
  ! '((' @7	  ?	 ;  + 	  
 4"

  
  
  	
  

 
	 ='01=DD
;BA	 ! " # A > #   7 *  !A  	 
# 	 !; 		  &	 ? & > , 
 > $ > A
'((2 7+>4,F !$>?
 &%$ > 
    	 
> 
 + 	   !") 2=31225  	   	  
 79+ "	  "	 ""(2=)
1
	  '((= <*"#6,#+%F	  9 9  7 "
	  "	 ""(==2 ?	 "	  4	 	 	  +  -79+. 
>		 A ?	   $	  6 > +< 'DE1'=0  8 8
'((=
'(
A
B
ag
o
fU
se
fu
lT
ec
hn
iq
ue
s
fo
r
Ef
fic
ie
nt
an
d
R
ob
u
st
Pa
rs
in
g
B
er
nd
K
ie
fe
r,
H
an
s-
Ul
ric
h
K
rie
ge
r
R
R
-9
8-
04
R
es
ea
rc
h
R
ep
or
